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The results of studying changes in physical and mechanical properties of coating-substrate systems subjected to the
compression plasma flow are presented. The possibility for doping the substrate both with pre-deposited coating
components and with plasma-forming substance during liquid-phase mixing and resolidification of near-surface layers

melted by the compression plasma flow is shown.
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INTRODUCTION

The material modification by high-energy flows of
charged particles is the prospective tendency in the
modern solid-state physics. Of processing methods the
widest recognition received those using lasers, plasma
flows, and beams of charged particles such as ions and
electrons [1-4]. The material being treated first melts,
then rapidly cools and finally resolidifies from liquid
phase. High cooling rates of molten layers produce a
variety of novel metallurgical microstructures, as well as
stable and/or metastable, nanocrystal and amorphous
phases. Along with the usual modification, it is possible
to carry out the doping of working surfaces with various
components by means of treating the coating-substrate
system via the melting of the coating and the near-surface
layer of the substrate followed by fast diffusion of
components in the melt. The purposeful injection of
alloying elements into the surface layer of metals allows
to produce various structures and thus to select the
required physical and mechanical operating properties.

In the present work the results of investigations on
the structure and the mechanical properties of titanium-
on-steel and chromium-on-steel systems subjected to the
compression plasma flow (CPF) are presented.

EXPERIMENTAL

Cr (about 2.5 um thick) and Ti (about 1.0 pm thick)
layers have been deposited on carbon steel St3 (0.2 C, 0.2
Si, 0.5 Mn, in wt.%) using the CAVD method (cathodic
arc vapor deposition) with the following operating
parameters: arc current of 100 A, bias voltage of —-120 V,
deposition temperature and time of 450°C and 10 min,
respectively. The specimens were subjected to CPF. The
experiments were performed in a ‘‘residual gas’” mode in
which the vacuum chamber was filled with nitrogen up to
the preset pressure of 400 Pa. The plasma flow
parameters are as follows: pulse duration ~100 ps, plasma
velocity (5-6)0° cm/s, electron concentration (4—7)00"
cm?, dynamic plasma pressure and temperature 1.5 MPa
and 2-3 eV, respectively. The incident flow energy
density is equal to 13 J/cm? per pulse. The chosen mode
of thermal action, according to estimated calculations,
corresponds to the melting of both a film and a substrate.
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The phase composition was investigated by X-Ray
diffraction (XRD), using the CuKa radiation. The surface
morphology and cross-sections were analysed with the
help of scanning electron microscopy (SEM), using a
LEO1455VP device equipped with EDX. The element
composition was determined by Auger-electron
spectroscopy (AES), using a PHI-660 device. The
microhardness was tested with a Vickers indentor under a
load ranging from 0.2 to 2 N. The tribological test was of
"pin-on-plane" type, dry sliding dynamic friction. The
friction coefficient was determined at the reciprocal
sliding and carried out at room temperature (22+1°C) and
at the relative humidity 50+5%. The linear velocity was
4mm/s. The pin was made of a hard alloy BKS8 (92% WC,
8% Co) with a hardness of 36.75 GPa. The load on the
pin was 1 N.

RESULTS AND DISCUSSION

During the CPF treatment of the coating-substrate
system the melting of the surface layer occurs and then,
upon completing the action of plasma pulse, its
resolidification takes place. A wave-like structure
observed on sample surfaces is due to the solidification of
the liquid metal. SEM-analysis shows that the surface of
samples subjected to processing, contains cellular
structure areas with a cell size up to 1 um (Fig. 1) formed
at a stage of solidification of the overcooled liquid.

In the initial state low-carbon steel has a ferrite-
pearlite structure. Ferrite peaks are observed on the X-ray
diffraction pattern (Fig. 2). XRD does not reveal a
cementite component of pearlite due to high dispersion of
0-FesC carbide.

As a result of the treatment of the titanium-on-steel
system the disappearance of titanium peaks and the
displacement of ferrite peaks towards the lowest angles
are observed in the XRD pattern (Fig. 2). So there is an
increase in the lattice parameter, which can be caused by
the replacement of iron atoms by titanium atoms having a
greater atomic radius, and this results in the formation of
solid Fe-Ti solution. Also the interaction of the nitrogen
plasma with system elements is established, in particular,
XRD shows the presence of titanium nitride diffraction
peak TiN (111) (Fig. 2). The visual proof of TiN
formation is the appearance of a characteristic golden
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color on the sample surface. Thus, the modified layer
analyzed by X-ray radiation contains high nitrogen
concentration sufficient to form titanium nitride. Titanium
penetrates into the iron lattice as an overdimensional
impurity during the cooling and resolidification of the
iron-titanium mixture.

Fig. 1. Surface morphology of treated Ti/steel (a) and
Cr/steel systems (b)
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Fig. 2. XRD patterns of treated samples

On the contrary, the XRD data (Fig. 2) reveal that the
treatment of the chromium-on-steel system with nitrogen
plasma results in the formation of doped austenite: y'-
Fe(Cr, N, C). It is worth noting the role of Cr as a
stabilizing element.

The analysis of the element concentration profiles
obtained by AES shows the mixing of the various
components of the systems, as well as the nitrogen
incorporation. For example, the nitrogen concentration in
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the near-surface layer of mixed Cr/steel system exceeds
15 at.%.

SEM observations of cross-sections of treated
samples show that the surface layer (~15 pum in thickness)
is modified. What is more, titanium and chromium are
present throughout thickness of modified areas, falling
down at the modified layer—base material interface,
whereas the thickness of as-deposited titanium and
chromium coatings does not exceed 1.0 and 2.5 um,
respectively.

As a result of the treatment, phase and structure
transformations occurred, giving rise to a change in
mechanical properties. The microhardness of samples is
given on Fig. 3. One can note a significant increase in
microhardness of samples subjected to CPF. Moreover,
the treated chromium/steel system exhibits the maximum
hardness value, exceeding by more than two times
hardness of carbon steel. The enhanced microhardness is
due to the creation of faulted structure and phase
composition changes: the presence of a y’- phase, solid
Fe-Ti solution and TiN in the modified layers, and to
possible formation of fine-dispersed nitrides.
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Fig. 3. Microhardness of treated samples
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Fig. 4. Friction coefficient versus sliding distance



Investigations of the friction coefficient dependence
on the sliding distance reveal an improvement in
tribological properties of treated samples (Fig. 4). The
tribological curves of treated samples feature significant
decrease in the friction coefficient as compared to the
initial stage of friction, i.e. wear-in stage of treated
samples continues a longer time in comparison with
untreated one. The presence of a developed surface on
treated samples and enhanced surface hardness both lead
to the decrease in the pin contact area under sliding and
consequently to the reduction of the friction coefficient.

CONCLUSION

The modification of carbon steel with pre-deposited
titanium and chromium coatings by nitrogen CPF leads to
the melting of the near-surface layer and the liquid-phase
mixing of the coating with the matrix substance; to the
creation of a cellular structure on the surface (cell size up
to 1 um); to the production of deep (~ 15 pm) modified
layers alloyed by titanium and chromium. After the
treatment of the Ti/steel system phase composition is
represented by solid solution Fe-Ti and nitride TiN. The
presence of Cr in treated system serves as a stabilizing
factor for the formation of doped austenite. Phase and
structural changes result in an increase in microhardness
of treated systems (by 1,5 times) in comparison with the
hardness of the initial state of used carbon steel and in the
reduction of friction coefficient at the initial stage of
friction.

Thus, it is shown that compression plasma flows
allow producing highly alloyed surface layers with
improved mechanical properties.
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MOJUPUKALINS CUCTEM IOKPBITHUE-TIOIJIOKKA BO3JIEMCTBUEM
KOMITPECCHUOHHOTI'O IIVTASMEHHOTI'O IOTOKA

B.M. Acmawunckuii, U.I'. I'umpo, A.M. Kyzomuuyxuii, E.A. Kocmiokesuu, A.B. Kosazo, A.A. Muujiok,
B.B. Yenos, B.M. Auuwux, H.H. Yepenoa, E.K. Cmansmoutenok

Hpe,HCTaBJICHLI PEe3yIbTaThl I/ICCJ'IG,HOBaHI/Iﬁ HN3MCHCHHA (bHSI/IKO—MexaHI/I‘IGCKI/IX CBOICTB CHCTEM IMOKPbITHUC-
NOJIO0XKKa IMpU BOSHGﬁCTBHH Ha HUX KOMIIPECCHUOHHBIM INJIA3MCHHBIM ITOTOKOM. HpOZ[eMOHCTpPIpOBaHa BO3MOXHOCTb
JICTUpOBaHUsA MaTepuajla MOMJIOXKKH KaK KOMIIOHCHTOM IMPCABAPUTCIIBHO HAHCCCHHOI'O IMOKPBLITUSA, TaK U pa60‘{I/IM
BCIICCTBOM IIJIa3Mbl, B Iponecce )KI/IL[KO(i)a?)HOFO NnepeMelInBaHrsd MW MNEPE3aTBEPACBaAHNA PACIIIABJICHHBIX I10[
JIeHCTBHEM KOMITPECCHUOHHOT'O TNIA3MEHHOT'O ITOTOKAa MPHUIIOBEPXHOCTHBIX CJIOCB.

MOIUPIKALIA CUCTEM HOKPUTTA-NIAK/JIAIKA BINIMBOM
KOMITPECIMHOT O IIJTA3BMOBOI'O IIOTOKY

B.M. Acmawuncokuii, L.I'. I'impo, A.M. Ky3emuywvkuii, €. A. Kocmiwoxkesuu, A.B. Kosazo, A.A. Muujiok,
B.B. Yenos, B.M. Anuwuk, H.H. Yepenoa, E.K. Cmanvmoutenox

[IpencraBieHO pe3yabTaTH JOCHTIHKCHb 3MIHM (DI3UKO-MEXaHIYHUX BJIACTHBOCTEH CHUCTEM MOKPHTTS-IIIKIAaIKa
IPU BIUIMBI HAa HHUX KOMIIPECIHHMM IUIa3MOBHUM ITOTOKOM. I[IpOAEMOHCTPOBAHO MOXJIMBICTH JIETYBaHHS Matepiaiy
MIKTagKA SK KOMIOHEHTOM IOTIEPEeIHhO HAHECEHOTO IOKPUTTS, TaK i poOOUYOI0 PEYOBHHOIO IUIA3MH, Y IIPOIECi
pinkodasHoro mepeMmimryBaHHS 1 Hepe3aTBEpAiHHS PO3IUIABICHHUX I [i€I0 KOMIIPECIHHOTO IIa3MOBOTO IMOTOKY
MIPUITOBEPXHIX IIapiB.
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